The effect of liquid-phase treatment of Al -27 wt.% Cu -6 wt.% Si melt used for making A34 solder on the structure and phase composition of crystallized specimens is studied. Pioneer data are obtained on the changes in the microstructure of the alloy due to its direct heating on the specimen stage of an NTEGRA Therma scanning probe microscope at 150 and 300°C.
INTRODUCTION
Alloy Al -27% Cu -6% Si 4 has a composition close to an eutectic one [1, 2] and is widely used as a solder (A34) for soldering aluminum and its alloys [3] . The main problem in fabrication of cast solder A34 is the formation of a ternary (a + CuAl 2 + Si) eutectic and primary silicon crystals in its structure, which lowers substantially the process and operating properties of the alloys.
It is known [4, 5] that superheating of melts of the Al -Si system to a temperature T * specific for each composition transfers the alloy irreversibly into a more homogeneous state (i.e., homogenizes the metal), which causes substantial changes in the structure and phase composition of the solid alloy in subsequent cooling and crystallization even at a moderate rate (on the order of 1 -10 K/sec). According to [4, 5] , the temperature T * (the temperature of homogenization of liquid metal) corresponds to the start of the coinciding high-temperature region of the heating and cooling polytherms for some structurally sensitive property of the melt (for example, the viscosity). In an earlier study [6] we analyzed temperature dependences of the kinematic viscosity of a melt obtained in heating and subsequent cooling of a specimen and determined the temperature regime of homogenization of the melt considered, i.e., T * = 950 -1000°C. In the present work heating of a melt to a temperature above T * = 950°C is treated as an independent method of modifying of the microstructure of a cast metal.
The aim of the present work was to study the effect of the temperature of heating and modifying of a melt of Al -27% Cu -6% Si on the structure and phase composition of crystallized specimens with the aim to optimize the process of fabrication of ingots of solder A34.
METHODS OF STUDY
We melted specimens of alloy Al -27% Cu -6% Si in the Center for Casting Technologies of the Samara State Technical University by various modes of temperature treatment of the melt (Table 1 ). The blend consisted of electrotechnical waste of A5 aluminum and copper plus crystalline silicon of grade Kr0. The blend contained about 95% deformed waste (aluminum and copper: a D-blend). Then the melt was subjected to a temperature-time treatment (TTT), i.e., superheating at T s = 1000°C. The temperature of superheating of the melt was determined earlier [6] from the results of a study of the kinematic viscosity of metallic liquid. The melt was held at T s for 10 min and then cooled in the crucible in air to the casting temperature T c = 600°Ct a rate of about 10 K/sec. To perform fine-crystal remelting (FCR) a part of the melt was not subjected to TTT but was rather cast into a roller mold to obtain a ribbon with a thickness of The metallographic study of alloy Al -27% Cu -6% Si was performed with the help of a "Neophot-32" light microscope, an MBS-9 binocular microscope, an NTEGRA Therma scanning probe microscope equipped with a hot bench, and a Zeiss AURIGA CrossBeam scanning electron microscope with a function of microscopic x-ray spectrum analysis (MXRSA). The microhardness of individual structural components was measured with the help of a PMT-3 device at a load of 2 and 5 N. The metallographic characteristics, i.e., the volume fractions of the phases, the mean grain size, the mean size of the individual components (primary crystals) and their microhardness, were determined by the standard methods.
Differential thermal analysis of alloy Al -27% Cu -6% Si was performed with the help of a BDTA-8M3 high-temperature differential thermal analyzer, which allowed us to determine the temperatures of the phase transformations in the range from room temperature to 2000°C at various rates of cooling and heating (2.5 K/min, 5, 10, 20, 40, 80 K/min) [7, 8] . The mass of the specimens chosen for the DTA was about 1 g. We used beryllium crucibles (BeO) of cylindrical shape with an internal diameter of 7 mm and a height of 13 mm. The working chamber was evacuated preliminarily to 0.001 Pa. Then we fed helium to a pressure of about 10 5 Pa. The DTA was performed in heating of the melt and subsequent cooling at a rate of 10, 20, and 40 K/min. Two series of tests were performed with different standards, i.e., a zone-cleaned single crystal of tungsten and aluminum of grade A999. In the former case the specimens were heated to 1100°C, held for 10 min and then cooled; in the latter case the specimens were heated to 610°C and cooled. The temperatures of the phase transformations were determined as points of intersection of the zero line of the thermogram (DT = 0) with continuations of the rectilinear parts of the endo-and exothermic peaks. The accuracy of the determination of the values of the critical points was ± 3°C.
RESULTS AND DISCUSSION
The results of the DTA of alloy Al -27% Cu -6% Si obtained by two variants of remelting are presented in Tables 2  and 3 Notations: VFA is used for the variant of fabrication of the alloy (in accordance with Table 1 ); T S is the solidus temperature; T L is the liquidus temperature; S is the area of the peak; l is the width of the peak; h is the height of the peak; the numerators present the characteristics obtained in heating; the denominators present the characteristics obtained in cooling at rate v. It can be seen from Fig. 1 that the liquidus and solidus temperatures for the alloy obtained by variant 2 (with TTT) are 3 -5°C higher than those for the alloy melted without TTT (variant 1 ) The growth in the liquidus and solidus temperatures also increases the crystallization range of the alloy produced by variant 2 (Fig. 2) .
According to different studies [9 -11] , the area of a peak on a DTA curve is proportional to the heat of the chemical reaction or physical transformation. This approach is used for determining the heat of reaction DH from the area of the peak on the TDA curve, i.e.,
where A is the area of the peak on the DTA curve and k is the calibrating coefficient (depends on the shape and on the thermal conductivity of the specimen and is determined by the calibration of the system with the help of compounds for which the heat of the reaction is known). To determine the calibration coefficient we performed an experiment with aluminum of grade A999. It has been shown that k = 7.86 J/conv. units for v = 20 K/min. It is known from [9 -11] that if we plot a dependence in coordinates ln b/T m 2 -1/T m , its slope is equal to the activation energy
where b is the heating rate and t m is the temperature corresponding to the maximum value of Dt on the thermogram.
The results of the computation of the specific heats of melting DH melt and crystallization DH cr , and of the activation energy E cr for the process of crystallization of alloy Al -27% Cu -6% Si are presented in Table 3 . Thus, the data of the DTA of the alloy obtained by the traditional (variant 1 ) and experimental (variant 2 ) processes show that heating of the melt to 1000°C causes stage decrease in the heat of phase transformations and in the activation energy of the diffusion processes.
The microstructure of the alloys obtained by different variants is presented in Fig. 3 . It can be seen that the structure of all the specimens is eutectic [1, 2] . We observe primary crystals of Si, dendrites of a-Al and CuAl 2 , and a multiphase eutectic (Al + Si + CuAl 2 ). The primary crystals of Si in the specimen obtained by variant 1 have well-cut faces. The temperature and time treatment of the melt (variant 2 ) promotes formation of primary crystals of Si with dendritic morphology.
CuAl 2 intermetallics grow primarily in the form of dendrite arms with round cross section. The CuAl 2 phase is characterized by higher geometric perfection, i.e., constant angles between the arms of adjacent orders. We also observe anisotropy of growth of the CuAl 2 intermetallics, which manifests itself primarily in the development of the first-order arms.
The ternary Al + Si + CuAl 2 eutectic has a cellular structure. Dark layers containing Si crystals are arranged over the boundaries of cells. It seems that the melt has undergone segregation with respect to silicon, which has crystallized in the last turn, and the formed segregation zones mark subgrain boundaries. Such an eutectic can be classified as a "rose" type with granular segregations over cell boundaries. Homogenizing superheating of liquid metal (variant 2 ) followed by cooling and crystallization affects the volume fraction and the morphology of the segregations of the primary crystals of Si, CuAl 2 and the eutectic. The morphology of the silicon crystals changes too; the form of their growth changes from a facial one to a dendritic one, and their content decreases. The CuAl 2 intermetallics preserve a dendritic form of growth but the branching of the secondary arms lowers, the thickness of the primary arms decreases and so does the total number of the crystals. The morphology of the eutectic changes from a cellular one to a globular one, and layers with silicon crystals over sub-boundaries of the ternary eutectic disappear partially. The differences in the microstructure of the specimens obtained after the two variants of treatment of melt agree well with the results of our analysis of 3d-images of microstructures (see Fig. 4 ). According to the data of the microscopic x-ray spectrum analysis of specimens fabricated by variant 2, their aluminum-base a-solid solution is supersaturated with copper (to 9 -10 at.%) and silicon (to 7 -10 at.%) (Fig. 5) as compared to the alloy fabricated by variant 1.
Thus, the results of the comparative metallographic analysis show that the TTT of the melt (variant 2 ) lowers its microscopic heterogeneity due to refinement of the structural components of the melt inherited from the initial blend materials. A low additive of fine-crystalline remelted metal of a similar composition into a heat-treated melt (variant 3 ) creates a suspension of fine clustered and colloidal particles in the latter, which play the role of ready nuclei for crystallization.
We used scanning probe microscopy to study the effect of a 1-h hold at 150 and 300°C (imitation of the conditions of artificial aging) on the microstructure of alloy Al -27% Cu -6% Si obtained by variant 1. The structural components were Half-contact scanning probe microscopy (´1200).
studied right in the mode of heating of the specimens on a special hot bench of a scanning probe microscope (SPM) (see Fig. 6 ). The SPM study of the surface of alloy Al -27% Cu -6% Si showed that the heating to 150°C had in- 
